Introduction
The Tanks Focus Area (TFA) of the Department of Energy Office of Science and Technology addresses treatment methods for radioactive wastes stored in underground tanks. Baseline technologies for removal of insoluble solids from aqueous wastes are either undefined or focus on settling. While settling of Insoluble solids is recognized as the preferred method, this approach may not always produce an aqueous phase that is acceptable to downstream processing. Cross-flow filtration has been used at the Savannah River Site for both high and low level aqueous waste solid-liquid separation. The Tanks Focus Area leadership requested examination of the applicability of crossflow filtration, as well as other filtration methods, to treating tank wastes. This examination was initiated in 1995l and the preliminary work has been completed. The CUF testing provides preliminary performance data, and larger scale equipment is needed to obtain engineering data for plant design.
Cross-flow filtration was the predominant technology tested because of its unique ability to maintain high filtrate production rates and due to the method's compatibility with highly radioactive slurries. Testing was performed at the sites using simulated and actual radioactive tank wastes. The testing used a statistically-designed test matrix that varied the axial velocity and transmembrane pressure. This test matrix minimized the manpower time needed for each test while producing data that enabled comparisons between different tests and differat sites. The filtrate production rate is one of the most important parameters obtained durinq these tests, but the fouling tendency, fi1trat.e quality, and chemical cleaning protocols also provide important insights. Additional details on the test results can be found in the referenced technical documents.
Hanford Status
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A CUF was constructed at SRTC and provided to PNNL researchers in March, 1996. Modifications to the unit were made at PNNL, such as installation of a larger pump to increase the axial velocity and increasing the size of the feed tank. The larger pump size also required installation of an apparatus to cool the slurry. An operating procedure, statistically-designed matrix, and training were also provided by SRTC. A sintered metal filter (0.5 micron pore size) manufactured by Mott Metallurgical was initially used, and a titania-coated sintered metal filter (0.1 microns) manufactured by Graver Separations was used for additional testing.
Experiments using the Parallel Rheology Experimental Filter (PREF) in support of the Tank Waste Remediation System (TWEi.5) were performed at SRTC. These tests used simulants to establish general parameters for radioactive waste testing. The testing used slurries with a wide range of insoluble solids (0.05 -. 8 wt
The dilute samples represent the estimated solids loading for a decanted supernatant salt solution, where the cross-flow filter is used as a polishing step prior to subsequent treatment such as ion exchange. The concentrated samples (8 wt % ) represent the estimated composition of sludge wastes which would be concentrated, washed, and vitrified.
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The simulant test results at SRS indicate that moderate filtration rates could be expected and that chemical cleaning was viable. The filtrate quality of all samples exceeded the projected criteria for downstream processes. One of the simulants tested, S-103, was used as a reference standard for testing at the other sites to ensure consistency among researchers.
Testing performed at PNNL using the CUF indicated that cross-flow filtration is a viable option for tank wastes.3 that pilot-scale testing is needed to ensure long-term process viability and predict filter fouling. Two waste sludges peptized, resulting in decreased filtrate flow rates. Lerger scale testin9 would help to discern the cause of this flux decrease and determine if it is unique to the high recirculation ra.tes in the small-scale equipment.
This data shows
As a result of the observed deagglomeration behavior in testing at PNNL, another simulant was tested at SRTC.4 In addition,. this
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A phosphate-containing precipitate has been observed in caustic wash water from Hanford sludges by Ed Beahm at ORNL. The phosphate is co-dissolved with aluminum during high temperature sludge washing and precipitates on cooling. The phosphate may need removal prior to treatment of the caustic wash water. The filter testing showed that filtration of the solids is feasible, but inadequate time following the solution cooling cycle caused post-filtration precipitates to form.' The kinetics of the precipitation must be well understood prior to further testing of this phosphate precipitate.
Oak R i d c r e S t a t u s
A CUF was constructed at SRTC and provided to ORNL researchers in April, 1996. Minor modifications to the unit were made at O W L to increase the axial velocity. An operating procedure, statistically-designed matrix, and training were also provided by SRTC. A sintered metal filter (0.5 microns) manufactured by Mott Metallurgical was used for all testing at ORNL. Testing at O W L was performed using two Gunite and Associated Tanks (GAAT) sludges.
Testing of GAAT simulated sludges was also done at SRTC using a sintered metal filter in a dead-end configuration. The separation method utilized diatomaceous earth as a filter precoat and body feed. This method was shown to be impractical for solutions containing 0.1 wt % insoluble solids, but may prove practical at lower concentrations.
Tests in support of the Radiological Engineering Development Center (REDC) and the Newly Generated Low Level Liquid Waste (NGLLLW) were performed at SRTC using simulants to estaplish general parameters for radioactive waste testing.' The NGLLLW program has been canceled at ORNL. The REDC facility has implemented cross-flow filtration of radioactive sludges. Incell testing with actual RZDC waste is underway.
Testing was also performed at SRTC in support of the GAAT clean out and closure.6 tested in Mott and Graver filters. Results of the simulant test aided in development of the testing of actual GAAT waste at ORNL.
A simulant of GAAT waste was prepared and 6 WSRC -TR-9 7 -0 3 13 8 Revision 0
Testing was also done at SRS to determine if bentonite impacts the filter performance. This information was required because of a proposal at ORNL to combine the GAAT sludges into the Melton Valley Storage Tanks (MVST). An MVST simulant was prepared and tested with and without bentonite. These results were used to address concerns that bentonite has the potential to foul the filtsrs. A significant finding during bentonite-containing simulant testing was that more vigorous chemical cleaning :is needed to restore filter performance.
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Idaho National Encrineerincr Lab Status
A CUF was constructed at SRTC and provided to INEEL researchers in March, 1997. That CUF was specially-designed to fit into the restrictive entry port of the shielded cells at INEEL. An operating procedure, statistically-designed matrix, and training were also provided by SRTC. A sintered metal filter (0.5 microns) constructed of HastelloyTM and manufactured by Mott Metallurgical was purchased for use in all testing of this highly acidic waste stream.
Testing completed at INEEL with radioactive sodium-bearing waste and simulated dissolved calcine waste.' Filtrate flow rates were slightly higher than those observed with caustic tank wastes, such as at Hanford. Moderate filter fouling occurred over time. Filter cleaning was done by rinsing with water, and chemical cleaning has not been attempted. The HastelloyTM filter was apparently corroded by the chromate ion, as indicated by the charige in color of the solution from yellow (Cr+6) to blue (Cr+2) as it passed the filter. This suggests that the filter may exhibit fouling due to corrosion with long term exposures.
Further research is planned in 1 9 9 8 to examine radioactive calcine waste and chemical cleaning.
Savannah R i v e r Site Status t
The Cells Unit Filter (CUF) was used at the Savannah River Site to verify the performance of the full-scale filter in the 1:n-Tank Precipitation (ITP) facility. Future programs at SRS will benefit from a much larger knowledge base and retention of cross-flow filtration expertise. This experience can be used at SRS to aid in design of potential future facilities, such as a process to treat Recycle from DWPF. Technical support of the ITP and Late Wash filters will also continue. These filters are critical to the treatment of High Level Waste at SRS. Maintenance of this core competency will be beneficial if problems arise with these filters.
Russian Research Status
Design of the CUF was provided to Russian researchers at the V.G. Khlopin Radium Institute. A Mott filter, simulant recipe, and test matrix were also provided. The simulant recipe sent to Russia was for the GAAT sludge simulant tested at SRTC. Results obtained by the Russians with the Mott filter were comparable to those obtained at SRTC. Comparison of results with the Russiandesigned filter elements indicates 2-50% higher filtrate flow rates with the Russian technology, depending on conditions. However, the Russian filter had larger pore sizes and allowed a trace amount of solids to pass. Larger pore Mott filters may show comparable filtrate flow rates, but this has not been demonstrated.
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Conclusions
Cross-flow filtration of tank waste sludges and precipitates has been shown to be feasible. Testing was done with both simulates and actual radioactive tank sludges and precipitates. Largerscale testing is needed to examine deagglomeration, long-term viability, and to obtain engineering data on filtrate flow rates.
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